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ABSTRACT 

Digital Watermarks embedded in objects enable Watermark 
readers in vehicles to identify the objects and determine their 
orientation and location for use in navigation. 
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DIGITAL WATERMARKS FOR UNMANNED 
VEHICLE NAVIGATION 

RELATED APPLICATION DATA 

[0001] This application is a continuation in part of US. 
application Ser. No. 10/218,021, ?led Aug. 12, 2002 (pub 
lished as US 2003-0053654), and Ser. No. 10/074,680, ?led 
Feb. 11, 2002 (published as 2002-0136429), Which claims 
the bene?t of Ser. No. 60/350,505, ?led Jan. 18, 2002. This 
application is also a continuation in part of US. application 
Ser. No. 09/854,408, ?led May 10, 2001 (Published as US 
2002-0169962). 
[0002] This application is also related to Ser. No. 09/833, 
013, ?led Apr. 10, 2001 (published as US 2002-0147910). 

[0003] The above applications and publications are hereby 
incorporated by reference. 

TECHNICAL FIELD 

[0004] The invention relates to digital Watermarking, 
machine vision, and automated navigation using machine 
reading of digital Watermark signals on physical objects for 
identifying objects and navigating around the objects. 

BACKGROUND AND SUMMARY 

[0005] Digital Watermarking is a process for modifying 
physical or electronic media to embed a machine-readable 
code into the media. The media may be modi?ed such that 
the embedded code is imperceptible or nearly imperceptible 
to the user, yet may be detected through an automated 
detection process. Most commonly, digital Watermarking is 
applied to media signals such as images, audio signals, and 
video signals. HoWever, it may also be applied to other types 
of media objects, including documents (e.g., through line, 
Word or character shifting), softWare, multi-dimensional 
graphics models, and surface teXtures of objects. 

[0006] Digital Watermarking systems typically have tWo 
primary components: an encoder that embeds the Watermark 
in a host media signal, and a decoder that detects and reads 
the embedded Watermark from a signal suspected of con 
taining a Watermark (a suspect signal). The encoder embeds 
a Watermark by subtly altering the host media signal. The 
reading component analyZes a suspect signal to detect 
Whether a Watermark is present. In applications Where the 
Watermark encodes information, the reader extracts this 
information from the detected Watermark. 

[0007] Several particular Watermarking techniques have 
been developed. The reader is presumed to be familiar With 
the literature in this ?eld. Particular techniques for embed 
ding and detecting imperceptible Watermarks in media sig 
nals are detailed in the assignee’s co-pending application 
Ser. No. 09/503,881 and US. Pat. No. 6,122,403, Which are 
hereby incorporated by reference. 

[0008] US. patent application Publication 2003-0053654 
discloses a form of marking of physical objects to convey 
location information for navigation of aircraft. Also, US. 
patent Publication 2002-0169962 describes a form of digital 
Watermarking on physical objects to convey orientation and 
location information used in controlling robots. This disclo 
sure incorporates these documents and describes embedding 
of information in objects that enables unmanned vehicles to 
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identify the objects and determine their orientation and 
location relative to the objects for use in navigation. 

[0009] The invention provides methods, systems, and 
related softWare for automated navigation. One aspect is a 
method for automated navigation. The method captures an 
image scan of a digital Watermark on an object. It eXtracts 
orientation and location information of an image sensor 
relative to the object from the digital Watermark. It performs 
object identi?cation based on auXiliary information carried 
in the digital Watermark. Finally, it uses the orientation, 
location and object identi?cation information to control 
movement of a vehicle. 

[0010] Further features Will become apparent With refer 
ence to the folloWing detailed description and accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is diagram illustrating an eXample of a 
navigation system including digitally Watermarked objects 
enabling vehicles to identify objects and navigate around 
them. 

[0012] FIG. 2 is a How diagram illustrating a method for 
applying a form of digital Watermark signal onto a physical 
object. 
[0013] FIG. 3 is a How diagram illustrating a method for 
reading a digital Watermark on an object and determining 
orientation, location and object identi?cation from the digi 
tal Watermark. 

DETAILED DESCRIPTION 

[0014] This description details a system for vehicle navi 
gation using digital Watermark signals that enable Water 
mark readers on the vehicle to identify the objects and 
determine their position and orientation relative to the 
objects. Parts of this system can be adapted for a variety of 
machine vision applications, including for eXample, autono 
mous navigation and mechatronics (e.g., automated hospital 
carts, Warehouse robots, intelligent highWays for navigation 
of passenger/commercial vehicles, consumer appliances, 
etc.), robotic handling (pick & place, assembly, packing), 
image registration for multisensor vision systems, industrial 
inspection systems (defects, quality assurance, etc.), cali 
bration (optical systems, orientation, surfaces), surveillance 
(vehicles, multisensor systems). As such, the system 
described in this section is merely one eXample of hoW the 
digital Watermark may be used in machine vision applica 
tions. 

[0015] FIG. 1 is diagram illustrating an eXample of a 
navigation system including digitally Watermarked objects 
enabling vehicles to identify objects and navigate around 
them. The system includes one or more vehicles 20 equipped 
With imaging sensors 22 for capturing images of Water 
marked objects. These objects include stationary objects, 
such as buildings 24, 26 and ground/?oor surfaces, as Well 
as moving objects, such as other vehicles and personnel 28, 
30. The objects are illuminated by an illumination source 32. 
This illumination source may be part of the vehicle 20 or 
separate. It may be a man-made source or natural (e.g., the 
sun). The illumination source may originate from the same 
direction as the sensor, and operate in conjunction With the 
sensor to image a marked object (e.g., as in the case of 
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LADAR Where a laser scans the target object). Alternatively, 
the light source or sources may be distributed throughout the 
environment or located on marked objects. 

[0016] A Wide variety of imaging sensors may be used in 
the system. These include, for example, Radio Frequency 
(RF) imaging, radar, microWave imaging, LADAR (includ 
ing laser radar or lidar), ultraviolet imaging, infrared imag 
ing, X-ray imaging, magnetic imaging (e.g., MRI), etc. 

[0017] In this particular example, the marked objects 
include a form of digital Watermark called a sparse digital 
Watermark. The sparse digital Watermark includes a collec 
tion of sparse Watermark elements spread over all or some 
portion of the object surface. 

[0018] The digital Watermark can be embedded in a host 
image on the object such that it blends in With ordinary 
appearance of the object and is substantially imperceptible. 
Alternatively, the digital Watermark may form an unobtru 
sive image structure, such as a background texture, that is 
visible, but does not interfere With the visual appearance of 
the object, is aesthetically pleasing, and is not obvious to 
human vieWers that it carries any information. 

[0019] For more information about creating digital Water 
mark signals, including Watermarks hidden in images or 
forming unobtrusive graphical designs, logos or textures, see 
the patent documents incorporated by reference above. 

[0020] FIG. 2 is a ?oW diagram illustrating a method for 
applying a form of digital Watermark signal onto a physical 
object. This process is similar to digital Watermark genera 
tion of certain embodiments described in Us. application 
Ser. No. 09/503,881 and Us. Pat. No. 6,122,403. In physical 
object marking for machine vision applications, there is 
often greater ?exibility in designing the structure of the 
digital Watermark signal because there is ?exibility in the 
graphic design or appearance of the object surface, and the 
digital Watermark need not be hidden in an image on the 
object as long as it does not interfere or con?ict With other 
information or visual signals on the object. Instead, the 
signal can be designed to have a particular, unobtrusive style 
and structure, such as a graphic or background pattern. In 
one implementation, the structure of the signal appears as 
collection of sparse elements, but the signal may also be 
formed of other structures (e.g., different graphical shapes 
and siZes, different materials (such as materials With a 
differential cooling rate for IR detection), etc.) 

[0021] The digital Watermark signal carries a message 
shoWn as input to block 100 of the signal generation process. 
This message may include one or more ?xed and variable 
parts. The ?xed parts can be used to facilitate detection, 
geometric registration, and avoid false positives. The vari 
able parts can carry variety of information, such as unique 
object identi?ers (e.g., serving to index relating data in a 
database), authentication information (e.g., encrypted mes 
sages) to con?rm that the object is a reliable source for 
navigation information, and error detection information 
computed as a function of the other message elements (e.g., 
a CRC check). 

[0022] The signal generator block 100 of FIG. 2 performs 
error correction coding on the message to make it more 
robust. Examples include block codes (e.g., BCH codes), 
convolutional codes, turbo codes, M-ary modulation, and 
combinations of these coding methods (e.g., concatenated 
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codes). Next, the signal generator transforms the error 
correction coded message With a carrier signal. One example 
is to spread it over a pseudorandom sequence through 
multiplication, XOR, or convolution. For example, each 
element of the error correction coded signal is spread over 
N corresponding elements of the carrier signal. 

[0023] As part of the signal generation process, the Water 
mark signal generator maps the elements of the signal to 
spatial locations of a target object (as shoWn in block 102). 
These locations form a tiled pattern of rectangular arrays or 
some other geometric pattern. This mapping may be used to 
structure the digital Watermark signal into a pattern of blocks 
or other shapes that produce detectable energy peaks in the 
convolution, autocorrelation, frequency (e.g., FFT magni 
tude) or some other transform domain. These detectable 
energy peaks may be used to incorporate a geometric 
registration signal into the Watermark signal as shoWn in 
block 104. Further, by replicating the auxiliary signal over 
this pattern, the repetitions inherent in this process can be 
used to enhance the robustness of the message (as a form of 
repetition coding that is exploited in the reader), and make 
the message detectable in small image portions captured of 
the object Where it is repeated (e.g., robust to cropping, 
occlusion by other objects and personnel). 

[0024] An additional geometric registration signal may be 
formed With the digital Watermark signal at this stage. One 
example is addition of a signal that appears to be random 
(e.g., has a collection of components With pseudorandom 
phase relative to each other) and has detectable registration 
peaks in a transform domain, such as a spatial frequency 
domain, convolution domain and/or correlation domain. For 
more on this type of signal, see U.S. Pat. No. 6,122,403 and 
US. application Ser. No. 09/503,881, incorporated above. 

[0025] At this point, the Watermark signal comprises an 
array of binary or multilevel values (ie more than tWo 
binary states) at each spatial location. For the sake of 
explanation, We Will refer to these locations as embedding 
locations. The locations of the sparse Watermark elements in 
FIG. 1 are one example of embedding locations. If the signal 
is multilevel, it may be thresholded to generate a binary 
signal if desired as shoWn in block 106. For example, in the 
case of a sparse digital Watermark, a multilevel digital 
Watermark, including auxiliary message and registration 
information, is thresholded to form a sparse array of Water 
mark elements, Where location of a sparse Watermark ele 
ment represents part of the input signal that is greater than 
the threshold and absence of a sparse Watermark element 
represents part of the input signal that is less than the 
threshold. 

[0026] As an alternative, the process may adaptively 
embed the Watermark signal into a host image by adjusting 
the Watermark signal according to a human visual system 
modeling of the host image. In either case, the result of block 
106 is an image carrying the digital Watermark signal. 

[0027] This image is formed on the surface of a corre 
sponding object as shoWn in block 108. This image forma 
tion process may be performed in a variety of Ways, depend 
ing on the form of sensor and illumination used in the 
system. Examples include printing the image on structures 
that are then adhered to the objects, printing or painting the 
image directly on the objects, constructing an array of 
materials or objects corresponding to the digital Watermark 
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signal at the desired embedding locations, etc. This digital 
Watermark signal can be read by detecting the difference in 
sensed value betWeen an embedding location and its neigh 
boring locations. Examples of the attribute include lumi 
nance, IR energy, UV energy, RF energy, microWave energy, 
etc. These attributes may be measured When illuminated by 
a corresponding illumination source or may be naturally 
emitting (such as IR energy due to differential cooling rates 
of different types of materials used to represent a Watermark 
element and its neighboring elements). This attribute pro 
vides a great deal of ?exibility in the type material or 
attribute used to represent elements in the digital Watermark 
signal at the embedding locations, as Well as the method of 
application of the signal to the object, and the types of sensor 
and illumination used to detect the Watermark signal ele 
ments. 

[0028] The material used to carry the digital Watermark at 
embedding locations have measurable values, such as lumi 
nance, intensity, or some other characteristic, relative to 
other elements on the object surface. Combinations of these 
characteristics may be used to read the digital Watermark 
signal in varying lighting and ambient conditions, such as 
inclement Weather, smoke, dirt, Water, etc. In addition, 
combinations of these features may be used to represent 
multiple digital Watermark signal states at the embedding 
locations or multiple different layers of embedded registra 
tion and auxiliary message carrying signals. 

[0029] FIG. 3 is a How diagram illustrating a method for 
reading a digital Watermark on an object and determining 
orientation, location and object identi?cation from the digi 
tal Watermark. The process of reading the digital Watermark 
from an object starts With capture of an image of the object, 
Which is shoWn as input to block 200 of FIG. 3. The nature 
of this image (e.g., derived from visible light scan, RF scan, 
radar scan, laser radar scan, UV scan, IR scan, or some 
combination thereof) varies With the implementation. 

[0030] The process of extracting orientation and embed 
ded auxiliary information from the image is illustrated in 
blocks 200 to 206. A digital Watermark reader in the vehicle 
begins by detecting the registration signal of the digital 
Watermark. For example, it detects transform domain peaks 
of the registration signal, and correlates them With a knoWn 
pattern to calculate rotation, scale and translation. Examples 
of this process are described in US. application Ser. No. 
09/503,881 and US. Pat. No. 6,122,403, but the system is 
not limited to these approaches. 

[0031] The detection of the registration signal provides 
af?ne transformation parameters, including rotation, scale, 
differential scale or shear, and translation as shoWn in block 
202. These parameters represent the relative orientation and 
location betWeen the sensor on the vehicle and the target 
object. This data is used to help the vehicle navigate around 
the object, and to register the image so that the auxiliary 
message payload can be extracted. This latter function of 
aligning the scanned image is depicted in block 204. Using 
the af?ne parameters, the reader compensates for the geo 
metric distortion and determines the proper reference coor 
dinate system for extracting embedded data from the embed 
ding locations in the scanned image. 

[0032] Next, the reader extracts the auxiliary message 
payload and uses it to identify the object as shoWn in block 
206. First, the reader estimates the value of the Watermark 
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message signal elements at embedding locations. The reader 
looks at the synchroniZed array of image values and esti 
mates the value of the auxiliary signal at each embedding 
location. For example, in the case Where the auxiliary signal 
is embedded by adjusting the luminance up or doWn relative 
to neighboring locations, the reader predicts the value of the 
auxiliary signal element by comparing the luminance of the 
embedding location of interest With its neighbors. As noted 
above, attributes other than luminance may be used to carry 
information. 

[0033] Next, the reader performs the inverse of the trans 
form With the carrier to get estimates of the error correction 
encoded elements. In the case of a spreading carrier, the 
reader accumulates the contributions of the auxiliary signal 
estimates from the N embedding locations to form the 
estimate of the error correction encoded element. The reader 
then performs error correction decoding on the resulting 
signal to extract the embedded message. 

[0034] This message includes an object identi?er. The 
reader uses this identi?er to look up information about the 
object, such as its identity, and any related control instruc 
tions or functions associated With navigating around that 
object. 
[0035] At the same time, the reader provides this infor 
mation along With the orientation information to a naviga 
tion controller that uses the information to direct the vehicle 
around the object. 

[0036] Alternative marking technologies, such as bar 
codes, including tWo-dimensional bar codes can be used to 
assist in navigation. HoWever, the digital Watermarking 
technology described in this document, has a number of 
advantages, including: 

[0037] Computational Speed—It provides near real 
time detection and identi?cation. 

[0038] Inexpensive—It uses passive loW impact inte 
gration into many different environments. 

[0039] Informative—It provides rotation, scale, posi 
tion, distance, and identi?cation for, marked objects. 

[0040] Robust—It presents reliable detection even in 
harsh conditions. 

[0041] Unobtrusive—It presents minimal impact on 
appearance of marked objects or activities around the 
objects. 

[0042] Flexible—It provides detectable signatures 
for a Wide range of imaging sensors. 

[0043] The system may be used to mark a Wide variety of 
objects, including vehicles and personnel. It can be inte 
grated With systems that also rely on machine or human 
recognition of other navigational aids, such as machine 
recognition of hand signals of traf?c controllers/directors, 
machine recognition of signs, etc. For example, signs can be 
Watermarked, and clothing Worn by traf?c controllers/direc 
tors can also be Watermarked. The system can be integrated 
With systems that use machine vision to interpret hand 
signals from traf?c controllers/directors, such as those used 
at airport runWays. 

[0044] The digital Watermark can be used to accurately 
measure distance, rotation, scale, and position betWeen the 
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sensor and marked object. In addition, it can carry a unique 
payload per marked object, enabling identi?cation of the 
object as Well as conveying other information and/or instruc 
tions. The payload can also include an indeX to a database 
entry corresponding to the object. This database can provide 
information that is dynamically updated over time as infor 
mation about the object changes. This database can provide 
more complete navigation information, such as geo-spatial 
coordinates from Global Positioning Systems, updated 
maps, alternative routes that the vehicle can folloW, navi 
gation instructions, updated Weather reports that may impact 
the travel path, location of refueling stations or other items 
of interest, etc. 

[0045] The nature of the digital Watermark makes it robust 
to a variety of conditions and obstacles that make it more 
dif?cult to read other types of markings. The digital Water 
mark survives Wear and tear because it can be spread 
redundantly throughout the surface of object, yet detected 
from small image eXcerpts of the object. It can be designed 
to be visible to ordinary observers, visible under certain 
illumination conditions, or substantially imperceptible. 

[0046] The illumination may be located on the vehicle, 
surrounding objects, or inherent from the environment (e.g., 
from heat or other energy naturally radiated by the sun or 
other objects). 

[0047] As noted above, a variety of sensors may be used 
in the system. Once a sensor or group of sensors is selected, 
one can then pick materials used to carry the marking signal 
that are optimiZed for that sensor. 

[0048] To be effective as signal carriers, materials either 
absorb or re?ect energy in the sensor spectrum to provide 
contrast over a digital Watermark area. Furthermore, the 
material is selected to survive the environment of the 
system, including installation and durability. Finally, the 
material is selected and applied in such a Way as to not 
interfere With eXisting surface and structure markings in the 
environment of the system (such as Warning, general infor 
mation, and directional signs). 

[0049] In the speci?c case of sparse Watermarking, the 
digital Watermark is based on a carefully designed sparsely 
placed pattern of digital Watermark elements. The sparse 
ness of the pattern, and the shape and siZe of the elements 
is designed to maXimiZe the digital Watermark robustness for 
the desired sensor While minimiZing interference With lines, 
arroWs, signs, Warnings, and any other structures or mark 
ings intended for personnel in the application environment. 

[0050] Some methods by Which a digital Watermark pat 
tern could be applied are by painting through a stencil, as an 
adhesive sheet of material, microscopic etching (chemical, 
laser), a layered deposit method, or others. 

[0051] A digital Watermarking approach may use an illu 
mination source located on the vehicle (e.g., unmanned 
aerial vehicle, robot, car, truck, etc.) and digital Watermark 
materials on surrounding structures that are either retro 
re?ective or completely absorptive in the sensor energy 
band. This arrangement Would not only provide maXimum 
contrast betWeen an object background and the digital 
Watermark elements, but it could also be designed to mini 
miZe contrast (and obtrusiveness) When vieWed aWay from 
the source of the illumination. Such structures are com 
monly used in roadWays and in safety vests for maXimum 
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visibility at night. Such a retro-re?ective material in com 
bination With an absorptive painted background (of the same 
color) Would provide maXimum contrast With the possibility 
of loW obtrusiveness. Furthermore, a signi?cant amount of 
development of the roadWay material has already been 
accomplished to make them extremely durable under harsh 
conditions, Which makes them a plausible candidate. 

[0052] A particularly interesting eXample is the retro 
re?ective material used in vests that is only visible When 
vieWed from the direction of a light source. OtherWise, the 
vest looks like normal material. This approach Would be 
ideal for marking a traffic director vest Where the color is 
already used to identify them. If the vests are already 
retro-re?ective, then the digital Watermark elements could 
be applied through a sparse pattern of non-re?ecting ele 
ments. The advantage of marking the director’s vest is that 
it might be used to identify a particular director for use in a 
hand gesture interpretation algorithm. 

[0053] In designing a system for a particular application, 
the implementer speci?es such things as: 

[0054] Sensor band to Which material applies (a 
single material may apply to multiple sensors) 

[0055] Type of material, e.g., paint, tape, hard or soft 
thick coating, or even machining/etching. 

[0056] Contrast properties, i.e., re?ect or absorb 
energy, efficiency. 

[0057] Ease and suitability of type of digital Water 
mark application in a particular environment, e.g., 
adhesion, chemical danger, application methods. 

[0058] Durability in the presence of sun, rain, salt 
spray, Wind, and Wear from collision, Wheels, rub 
bing etc. 

[0059] This disclosure has provided several eXamples of 
alternative materials, sensors, and application methods that 
can be adapted for a variety of applications. BeloW, We 
provide additional information on a commercial system, 
called the Digimarc Mediabridge embedder and reader from 
Digimarc Corporation, that may be used to implement the 
digital Watermark in a complete system implementation. 

[0060] The Digimarc MediaBridge digital Watermark 
includes a synchroniZation component and message com 
ponent. The synchroniZation component is used to deter 
mine the rotation, scale and translation of the digital Water 
mark and the payload signal is used to encode a message of 
betWeen 20 and 60 bits. The synchroniZation component 
alloWs the digital Watermark to be independent of rotation, 
scale, and translation Within a range of search values de?ned 
in the detector. Once the signal is synchroniZed, the message 
can be read using error correction to recover missing sec 
tions of the digital Watermark. 

[0061] Due to the robustness of this digital Watermark, one 
can apply and successfully read the digital Watermark With 
a relatively sparse sampling of Watermark elements, espe 
cially When an image is relatively smooth. This type of mark 
Works Well With environments that consist of regions of 
uniform colors. The uniform colors in an environment also 
mean that simple contrast enhancement ?lters can provide 
signi?cant improvement of digital Watermarks that consist 
of sparse digital Watermark elements against a uniform 
background. 
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[0062] The Watermarking technology has a Wide range of 
applications across many imaging sensors including electro 
optical, IR, LADAR, and others. 

[0063] The digital Watermark may be used in systems 
adapted for measuring structural defects in objects mani 
fested by distortion of the geometry of the object. In this 
case, the sensor is in a ?xed or knoWn position relative to the 
marked object, and captures an image of the object, includ 
ing the Watermark, from Which geometric distortion of the 
object can be ascertained. In particular, geometric distortion 
of the object due to cracks, surface defects, Warping, etc. can 
be detected based on determining the geometric distortion of 
the embedded registration signal relative to a ?xed or 
expected orientation of the registration signal. In addition, 
the payload of the Watermark can be used to identify the 
object, and index related data in a database. 

[0064] Concluding Remarks 

[0065] Having described and illustrated the principles of 
the technology With reference to speci?c implementations, it 
Will be recogniZed that the technology can be implemented 
in many other, different, forms. To provide a comprehensive 
disclosure Without unduly lengthening the speci?cation, 
applicants incorporate by reference the patents and patent 
applications referenced above. 

[0066] The methods, processes, and systems described 
above may be implemented in hardware, softWare or a 
combination of hardWare and softWare. For example, the 
auxiliary data encoding processes may be implemented in a 
programmable computer or a special purpose digital circuit. 
Similarly, auxiliary data decoding may be implemented in 
softWare, ?rmWare, hardWare, or combinations of softWare, 
?rmWare and hardWare. The methods and processes 
described above may be implemented in programs executed 
from a system’s memory (a computer readable medium, 
such as an electronic, optical or magnetic storage device). 

[0067] The particular combinations of elements and fea 
tures in the above-detailed embodiments are exemplary 
only; the interchanging and substitution of these teachings 
With other teachings in this and the incorporated-by-refer 
ence patents/applications are also contemplated. 
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We claim: 
1. A method for automated navigation comprising: 
capturing an image scan of a digital Watermark on an 

object; 
extracting orientation and location information of an 

image sensor relative to the object from the digital 
Watermark; 

performing object identi?cation based on auxiliary infor 
mation carried in the digital Watermark; and 

using the orientation, location and object identi?cation 
information to control movement of a vehicle. 

2. The method of claim 1 Wherein the digital Watermark 
comprises a sparse digital Watermark including a collection 
of sparse elements distributed on the object. 

3. The method of claim 1 Wherein the digital Watermark 
is embedded in an image on the object. 

4. The method of claim 3 Wherein the digital Watermark 
is embedded in the image by adapting a digital Watermark to 
attributes of a host image using a human perceptual model. 

5. The method of claim 1 Wherein the digital Watermark 
is carried in retro-re?ective material on the object. 

6. The method of claim 1 Wherein the image scan is a 
microWave image scan. 

7. The method of claim 1 Wherein the image scan is an RF 
image scan. 

8. The method of claim 1 Wherein the image scan is an 
infrared image scan. 

9. The method of claim 1 Wherein the digital Watermark 
is applied by using materials With differing cooling rates to 
represent elements of a digital Watermark signal. 

10. A computer readable medium on Which is stored 
softWare for performing the method of claim 1. 

11. A system for automated navigation comprising: 
a sensor for capturing an image scan of a digital Water 
mark on an object; 

a reader for extracting orientation and location informa 
tion of an image sensor relative to the object from the 
digital Watermark, and for performing object identi? 
cation based on auxiliary information carried in the 
digital Watermark; and 

a navigation controller for using the orientation, location 
and object identi?cation information to control move 
ment of a vehicle. 
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